Preliminary Amendment 

Appln.No.: 10/526,031 
Attorney Docket No.: Q86579 

AMENDMENTS TO THE DRAWINGS 

Attachment: 3 Annotated Sheets (Figs. 15, 27 and 28) 

3 Replacement Sheets (Figs. 15, 27 and 28) 

Please amend the drawing legends as follows: 
FIGS. 1,42: 

(1) data accumulating/distributing portion 31 

(2) temperature analyzing portion 32 

(3) rotation analyzing portion 33 

(4) filtering processing portion 34 

(5) vibration analyzing portion 35 

(6) comparing/deciding portion 36 

(7) internal data saving portion 37 

(8) data accumulating/outputting portion 38 

(9) controlling portion 41 

(10) result outputting portion 42 

(11) amplifier 50 

(12) (temperature information) 

(13) (rotation information) 

(14) (vibration information) 
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(15) signals 

(16) sound information Jl 

(17) temperature information J2 

(18) vibration information J3 

(19) rotation speed information J4 

(20) distortion information J5 
FIG.2(a): 

(1) temperature sensing element 22b 

(2) rotation sensing element 22c 

(3) vibration sensing element 22d 

(4) To a calculating/processing portion 30 
FIG.2(b): 

(1) temperature sensing element 22b 

(2) rotation sensing element 22c 

(3) vibration sensing element 22d 

(4) amplifier 22e 

(5) amplifier 22f 

(6) amplifier 22g 

(7) To a calculating/processing portion 30 
FIG.3: 

(1) data accumulating portion 31a 
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(2) sampling reference setting portion 31b 

(3) sampling portion 31c 

(4) inputting portion 100 

(5) To a temperature analyzing portion 32 

(6) To a rotation analyzing portion 33 

(7) To a filtering processing portion 34 
FIG.4: 

(1) flaw of a rolling bearing 

(2) frequency after an enveloping process 

(3) inner ring (Si) 

(4) outer ring (So) 

(5) rolling element (Sb) 

(6) retainer (Sc) 

(7) fr: inner ring rotation speed [Hz] 

(8) fc: retainer rotation speed [Hz] 

(9) fb: rolling element rotation speed [Hz] 

(10) dm: pitch circle diameter [mm] 

(1 1) Z: number of rolling elements 

(12) Da: rolling element diameter [mm] 

(13) a: contact angle [degree] 
FIG.5: 
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(1) loading range Al 

(2) non-loading range A2 
FIG.6: 

(1) time-variant waveform 
FIG.7: 

(1) FFT spectrum 
FIG.8: 

(1) envelope FFT spectrum 

(2) frequency component due to damage of the outer ring of the bearing 
FIG.9: 

(1) sense sound/vibration signals (SI 01) 

(2) A/D conversion (SI 02) 

(3) save in a predetermined format (SI 03) 

(4) frequency analysis (SI 04) 

(5) select a filter bandwidth (SI 05) 

(6) filtering process (SI 06) 

(7) enveloping process (SI 07) 

(8) frequency analysis (SI 08) 

(9) calculate a RMS value (SI 09) 

(10) calculate a frequency due to abnormality of the bearing (SI 10) 
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(11) extract an inner ring flaw component Si (Zfi), an outer ring flaw component So (Zfc), a 

rolling element flaw component Sb (2fb), and a r e tain e r compon e n tr etainer flaw 
component Sc (fc) (Sill) 

(12) calculate a reference value (SI 12) 

(13) Si, So, Sb, Sc > reference value (SI 13) 

(14) No abnormality is generated in the bearing (SI 14) 

(15) identify the abnormal position Si(inner ring flaw), So (outer ring flaw), Sb (rolling element 

flaw), Sc (retainer flaw) (SI 15) 

FIGS.10, 11, 12: 
(1) reference value 
FIG. 13: 

(1) sense sound/vibration signals (S101) 

(2) A/D conversion (SI 02) 

(3) forming into a digital file (SI 03) 

(4) frequency analysis (SI 04) 

(5) select a filter bandwidth (SI 05) 

(6) filtering process (SI 06) 

(7) enveloping process (SI 07) 

(8) frequency analysis (SI 08) 

(9) calculate a peak value (S201) 
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(10) calculate a frequency due to abnormality of the bearing (S202) 

(11) extract an inner ring flaw component Si (Zfi), an outer ring flaw component So (Zfc), a 

rolling element flaw component Sb (2fb), and a r e tain e r oompon e n tr etainer flaw 
component Sc (fc) (S203) 

(12) Do Si, So, Sb, Sc have a peak value ? (S204) 

(13) No abnormality is generated in the bearing (S205) 

(14) identify the abnormal position Si(inner ring flaw), So (outer ring flaw), Sb (rolling element 

flaw), Sc (retainer flaw) (S206) 

FIG. 14: 

(1) 5,(=Y 1 -Y 0 )>0 -(D 

5 2 (=Y 2 -Yi)<0 -® 

where A (Xo,Y 0 ), B (X,,Yi), C (X 2 ,Y 2 ). 
When (D, ® are satisfied and 

dy/dx=(Y,-Y 0 )/(Xi-Xo)>l 

or 

dy/dx^-YO^-XO^l 

is satisfied, Yi is decided as a peak. 
FIG. 15: 

(1) Do the primary components coincide with each other ? (S3Q4 -S301) 
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(2) Do the secondary components coincide with each other ? (S202S302) 

(3) Do the secondary components coincide with each other ? ( S211 S311) 

(4) Do the quaternary components coincide with each other ? ( S212 S312 ) 

(5) No abnormality is generated (S321) 

(6) The abnormality is generated (S3S1S322) 
FIG. 16: 

(1) collate only the primary, secondary, quaternary components (flaw of the outer ring) 

(2) (secondary) 

(3) (quaternary) 
FIG. 17: 

(1) reference level Lo (RMS value fl) 

(2) level difference 
FIG. 18: 

(1) a relationship between a size of flaking and a level difference 

(2) reference level dB 

(3) size of flaking mm 
FIG. 19: 

(1) calculate the abnormal frequency due to the abnormality in the bearing (S401) 
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(2) extract a primary component due to the inner ring flaw, a primary component due to the outer 

ring flaw, a primary component due to the rolling element flaw, and a primary component 
due to the r e tain e r retainer flaw (S402) 

(3) extract a natural-number multiple component due to the inner ring flaw, a natural-number 

multiple component due to the outer ring flaw, a natural-number multiple component due 
to the rolling element flaw, and a natural-number multiple component due to the 
retaine r retainer flaw (S403) 

(4) comparing the primary component with respective natural- number multiple components by 

referring to reference value (S404) 

(5) Is the abnormality generated ? (S405) 

(6) The abnormality is generated. Identify the abnormal position (S406) 

(7) No abnormality is generated (S407) 
FIG.20: 

(1) degree 

(2) level (dB) 

(3) criterion line 

(4) roller missing sound 

(5) The case where the flaw is generated 
FIG.21: 

(1) calculate the abnormal frequency due to the abnormality in the bearing (S501) 
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(2) calculate V* and Vrms (S502) 

(3) calculate a difference between Vi, Vrms or a quotient (S503) 

(4) Does the difference or the quotient exceed a reference value ? (S504) 

(5) The abnormality is generated. Identify the abnormality occurring location (S505) 

(6) No abnormality is generated (S506) 
FIGS.22, 23,24, 25: 

(1) frequency Hz 

(2) intensity 
FIG.26: 

(1) temperature sensing element 52b 

(2) rotation sensing element 52c 

(3) vibration sensing element 52d 

(4) transmitting portion 52h 

(5) To the calculating/processing portion 30 
FIG.27: 

(1) data accumulating portio n data accumulating/distributing portion 3 1 

(2) temperature analyzing portion 32 

(3) rotation analyzing portion 33 

(4) filtering processing portion 34 

(5) vibration analyzing portion 35 



43 



Preliminary Amendment 

Appln. No.: 10/526,031 
Attorney Docket No.: Q86579 

(6) comparing/deciding portion 36 

(7) internal data saving portion 37 

(8) data accumulating/outputting portion 38 

(9) controlling portion 41 

(10) result outputting portion 42 

(11) receiving portion 60 

(12) (temperature information) 

(13) (rotation information) 

(14) (vibration information) 

(15) radio communication 

(16) signals 

(17) sound information Jl 

(18) temperature information J2 

(19) vibration information J3 

(20) rotation speed information J4 

(21) distortion information J5 
FIG.28: 

(1) (sensor built-in bearing) 21 

(2) <calculating/processing portion> 30 

(3) data accumulating/distributing portion 3 1 

(4) temperature analyzing portion 32 
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(5) rotation analyzing portion 33 

(6) filtering processing portion 34 

(7) vibration analyzing portion 35 

(8) comparing/deciding portion 36 

(9) internal data saving portion 37 

(10) data accumulating/outputting portion 38 

(11) <controlling/processing portion> 40 

(12) controll e r controlling portion 41 

(13) result outputting portion 42 

(14) signal transmitting/receiving device 63 

(15) information processing center 67 

(16) (temperature information) 

(17) (rotation information) 

(18) (vibration information) 

(19) signals 

(20) sound information Jl 

(21) temperature information J2 

(22) vibration information J3 

(23) rotation speed information J4 

(24) distortion information J5 

(25) feedback 
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FIG.29: 

(1) (sensor built-in bearing) 21 

(2) data accumulating/distributing portion 3 1 

(3) temperature analyzing portion 32 

(4) rotation analyzing portion 33 

(5) filtering processing portion 34 

(6) vibration analyzing portion 35 

(7) comparing/deciding portion 36 

(8) internal data saving portion 37 

(9) data accumulating/outputting portion 38 

(10) result outputting portion 42 

(11) <calculating/processing portion> 73 

(12) <controlling/processing portion> 75 

(13) (temperature information) 

(14) (rotation information) 

(15) (vibration information) 

(16) signals 

(17) sound information Jl 

(18) temperature information J2 

(19) vibration information J3 

(20) rotation speed information J4 
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(21) distortion information J5 

(22) remove and bring it to the calculating/processing portion 
FIG.30: 

(1) <controlling/processing portion> 40 

(2) controlle r controlling portion 41 

(3) result outputting portion 42 

(4) <microcomputer> IC chip memory 81 

(5) machinery facility 90 

(6) <sensing processing portion> 

(7) signals 

(8) sound information Jl 

(9) temperature information J2 

(10) vibration information J3 

(11) rotation speed information J4 

(12) distortion information J5 
FIG.31: 

(1) data accumulating/distributing portion 31 

(2) temperature analyzing portion 32 

(3) rotation analyzing portion 33 

(4) filtering processing portion 34 

(5) vibration analyzing portion 35 
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(6) comparing/deciding portion 36 

(7) internal data saving portion 37 

(8) <microcomputer> 81 

(9) (temperature information) 

(10) (rotation information) 

(11) (vibration information) 

FIGS.32, 33: 

(1) <controlling/processing portion> 40 

(2) controll e r controlling portion 41 

(3) result outputting portion 42 

(4) <microcomputer> IC chip memory 81 

(5) machinery facility 90 

(6) signals 

(7) sound information Jl 

(8) temperature information J2 

(9) vibration information J3 

(10) rotation speed information J4 

(11) distortion information J5 
FIG.34(a): 

(1) piezoelectric sensor signal 

(2) temperature data input 
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(3) rotating pulse input 

FIG.35(a): 

(1) temperature sensor 163 

(2) sensing circuit 

(3) impact sensor 1 83 

(4) amplifier filter 184 

(5) rotating pulse input 
FIG.36: 

(1) machinery facility monitoring system 191 

(2) peripheral function 

(3) sensor signal output 

(4) diagnosed feature parameter output diagnosis result output 
FIG.38: 

(1) <controlling/processing portion> 40 

(2) controll e r controlling portion 41 

(3) result outputting portion 42 

(4) <sensing processing portion> 

(5) <microcomputer> IC chip memory 250 

(6) signals 

(7) sound information Jl 

(8) temperature information J2 
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(9) vibration information 33 

(10) rotation speed information J4 

(11) distortion information J5 
FIG.39: 

(1) data accumulating/distributing portion 31 

(2) temperature analyzing portion 32 

(3) rotation analyzing portion 33 

(4) filtering processing portion 34 

(5) vibration analyzing portion 35 

(6) internal data saving portion 37 

(7) <calculating/processing portion> 250 

(8) comparing/deciding portion 252 

(9) (temperature information) 

(10) (rotation information) 

(11) (vibration information) 

FIG.40: 

(1) input sound/vibration signals (S602) 

(2) A/D conversion (S603) 

(3) amplifying process (S604) 

(4) filtering process (S606) 

(5) enveloping process (S607) 
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(6) frequency analysis (S608) 

(7) rotation speed information (S609) 

(8) calculate a theoretical frequency (S610) 

(9) compare/collate (S61 1) 

(10) save the result (S612) 

(11) decide based on N results whether or not the abnormal is present (S614) 

(12) display the result (S615) 
FIG.43: 

(1) <controlling/processing portion> 40 

(2) controll e r controlling portion 41 

(3) result outputting portion 42 

(4) microcomputer 81 

(5) signals 

(7) temperature information J2 

(8) vibration information J3 

(9) rotation speed information J4 

(10) distortion information J5 
FIG.44: 

(1) controlling/processing portion 40 

(2) microcomputer 81 
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(3) transmitter/receiver 370 

FIG.46: 

(1) temperature sensor 427 

(2) vibration sensor 428 

(3) comparator 431 

(4) threshold setting portion 432 

(5) abnormality deciding portion 433 

(6) decision result outputting portion 434 
FIG.47: 

(1) vibration sensor 428 

(2) filter portion 435 

(3) envelope processing portion 436 

(4) frequency analyzing portion 437 

(5) comparing/collating portion 438 

(6) rotation speed 439 

(7) theoretical frequency calculating portion 440 

(8) result outputting portion 441 
FIG.53: 

(1) bearing 1131 

(2) pickup 1132 

(3) AGC amplifier 1133 
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(4) band-pass filter 1 134 

(5) RMS calculator 1135 

(6) envelope circuit 1136 

(7) RMS calculator 1137 

(8) alarm circuit 1138 

(9) means for deciding whether or not the abnormality is present 

(10) amplitude 
FIG.54: 

(1) abnormality diagnosis system 1 140 

(2) rolling bearing 1141 

(3) microphone 1 142 

(4) amplifier 1143 

(5) electronic device 1 144 

(6) transducer 1 147 

(7) abnormality diagnosing portion 1 149 

(8) filtering processing portion 

(9) abnormality deciding portion 

(10) analog outputting portio n analog converting/outputting portion- 1 150 
FIG.55: 

(1) A/D conversio nA /D converter 1 162 

(2) waveform processing portion (enveloping process) 1 163 
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(3) calculating portion 1 164 

(4) deciding portion 1 165 

(5) outputting portion 1 166 

(6) system driving portion 
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REMARKS 

Entry and consideration of this Amendment are respectfully requested. 

Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 

WASHINGTON OFFICE 

23373 

CUSTOMER NUMBER 



fj*. Yh M> v > 




Darryl Mexic 
Registration No. 23,063 



Date: September 27, 2005 
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